Synaptic Signaling and Cerebellar Function
The cerebellum generates sensory predictions of motor behavior, which are used as feedback signals to the motor system to produce accurate and coordinated movements. Sensorimotor prediction and feedback are highly dependent on cerebellar Purkinje cells (PC). PCs exhibit autonomous fi ring properties and receive considerable excitatory glutamatergic synaptic input from climbing (not shown) and parallel fi bers (Meera et al., 2016; Person and Raman, 2011) . Glutamate release induces PC calcium infl ux via activation of calcium and calcium-activated potassium channels. In several ataxia models, PCs show reduced fi ring rates and loose intracellular calcium buffers before the onset of neurodegeneration and clinical symptoms (Meera et al., 2016 ). In addition, several genes mutated in ataxias regulate ion homeostasis and glutamate signaling, and are specifi cally expressed in the cerebellum (Bettencourt et al., 2014; Eidhof et al., 2018) . Loss of autonomous PC fi ring, dysregulated ion channel and glutamate signaling activity, and ion imbalance at the level of the synapse might therefore be key factors in ataxia pathogenesis (Meera et al., 2016; Simms and Zamponi, 2014) .
Neuronal Homeostasis in the Cerebellum
Ion homeostasis and calcium signaling are also important for proteostasis mechanisms at ER and Golgi membranes, intracellular signaling pathways, and the regulation of mitochondrial activity (Giorgi et al., 2018; Simms and Zamponi, 2014) . Due to their large dendritic trees and extensive fi ring properties, PCs have high metabolic demands that depend on energy (ATP) production by mitochondrial oxidative phosphorylation. Increased mitochondrial calcium uptake directly correlates with increased oxidative phosphorylation and reactive oxygen species (ROS) levels (Giorgi et al., 2018) . ROS can cause damage to lipids, proteins, and nucleic acids, which ultimately affect PC fi ring and induce PC degeneration. Many genes implicated in ataxias are involved in cellular stress responses, counteracting stressors such as ROS, and operate in the mitochondrial energy transport chain, mitochondrial and nuclear DNA repair, the mAAA complex, unfolded protein response, and regulation of apoptotic and autophagic processes (Eidhof et al., 2018; Lim et al., 2006) . All of these processes are interconnected; their proper individual and collective functioning is required for maintaining neuronal homeostasis and integrity in the cerebellum.
DNA Repair and Cerebellar Function
Notably, single-strand and double-strand DNA break (SSB and DSB) repair, both strong inducers of stress responses, are overrepresented among genes mutated in ataxias (Eidhof et al., 2018; Jeppesen et al., 2011; Rass et al., 2007) . Considering that mature neurons in the cerebellum cannot be replaced, it is not surprising that DNA repair is required for their functionality and survival. While this applies to most neurons, there is a striking cerebellar vulnerability in neurological DNA repair disorders. Possibly, DNA repair is a key homeostatic process in the cerebellum due to the high metabolic activity, oxidative load, and intrinsic PC fi ring properties. In addition, cerebellar granule cells differentiate late (after birth) and by massive expansion. This may generate replication stress-associated DNA damage, affecting granule cells and indirectly other cerebellar cell types including PCs to which they signal (Jeppesen et al., 2011; Rass et al., 2007) .
Repeat Expansion Disorders and Cerebellar Function
Some of the most common dominant ataxias (SCA1, 2, 3, 6, 7, 17, and DRPLA) result from an expanded polyglutamine-encoding cytosine-adenine-guanine (CAG) repeat in ATXN1, ATXN2, ATXN3, CACNA1A, ATXN7, TBP, and ATN1, respectively. Other repeat expansions are involved in SCA8 (ATXN8/ATXN8OS), SCA10 (BEAN1), SCA36 (NOP56), FXTAS (FMR1), and FA (FXN). In addition to disrupting the primary function of the mutated gene products, some repeat expansions have been shown to induce toxic gain-offunction mechanisms that evoke cellular stress responses to which the cerebellum may be particularly vulnerable. Accumulation of protein aggregates that can form nuclear inclusion bodies, dysregulated gene expression, overactivation of the chaperone and ubiquitin-proteasome system, disrupted RNA translation and processing, RNA toxicity, increased cellular ROS levels, reduction of the mitochondrial electrochemical gradient, and DNA damage have all been reported in these genetic ataxias (Nelson et al., 2013) .
Conclusions and Future Perspectives
Mutations in genes underlying ataxias frequently affect processes required for ion homeostasis and/or cellular stress response pathways. Noticeably, genes associated with recessive and dominant forms of ataxia act cooperatively in the affected processes, suggesting coherent biological mechanisms despite different mutational mechanisms and modes of inheritance.
Notwithstanding the implication of disrupted ion homeostasis and cellular stress response pathways in genetic ataxias and their degenerative mechanisms, more research is required to understand how dysfunction of these pathways can lead to preferential cerebellar degeneration. Based on the biological themes affected in ataxia, it would be interesting to design and test therapeutic interventions that specifi cally target or mitigate the harmful downstream effects of deregulated calcium and ROS levels. Such therapeutic strategies could potentially benefi t larger cohorts of ataxia patients with genetically heterogeneous, individually rare causes.
